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A B S T R A C T

Purpose
Prophylactic cranial irradiation (PCI) in patients with extensive-disease small-cell lung cancer (ED-SCLC)
leads to significantly fewer symptomatic brain metastases and improved survival. Detailed effects of PCI on
health-related quality of life (HRQOL) are reported here.

Patients and Methods
Patients (age, 18 to 75 years; WHO � 2) with ED-SCLC, and any response to chemotherapy, were
randomly assigned to either observation or PCI. Health-related quality of life (HRQOL) and patient-reported
symptoms were secondary end points. The European Organisation for the Research and Treatment of
Cancer core HRQOL tool (Quality of Life Questionnaire C30) and brain module (Quality of Life Questionnaire
Brain Cancer Module) were used to collect self-reported patient data. Six HRQOL scales were selected as
primary HRQOL end points: global health status; hair loss; fatigue; and role, cognitive and emotional
functioning. Assessments were performed at random assignment, 6 weeks, 3 months, and
then 3-monthly up to 1 year and 6-monthly thereafter.

Results
Compliance with the HRQOL assessment was 93.7% at baseline and dropped to 60% at 6 weeks.
Short-term results up to 3 months showed that there was a negative impact of PCI on selected HRQOL
scales. The largest mean difference between the two arms was observed for fatigue and hair loss. The
impact of PCI on global health status as well as on functioning scores was more limited. For global health
status, the observed mean difference was eight points on a scale 0 to 100 at 6 weeks (P � .018) and 3
months (P � .055).

Conclusion
PCI should be offered to all responding ED SCLC patients. Patients should be informed of the potential
adverse effects from PCI. Clinicians should be alert to these; monitor their patients; and offer appropriate
support, clinical, and psychosocial care.

J Clin Oncol 27:78-84. © 2008 by American Society of Clinical Oncology

INTRODUCTION

Small-cell lung cancer (SCLC) represents approxi-
mately 15% of newly diagnosed lung cancers.1 Most
patients present with extensive disease (ED-SCLC).
Brain metastases are common and response to treat-
ment is poor.2-4

We recently studied the role of prophylactic
cranial irradiation (PCI) in patients with ED-SCLC
disease.5 Complete response is uncommon in exten-
sive disease, so patients with any response to chem-
otherapy were included.5 We showed that PCI
significantly decreases the risk of symptomatic brain

metastases (from 40.4% to 14.6% at 1 year) and
increases significantly overall survival (mortality
hazard ratio of 0.68; 95% CI, 0.52 to 0.88). Median
overall survival was 6.74 months in the PCI arm,
compared with 5.42 months in the control arm.
Survival at 1 year was 27.1% in the PCI arm, com-
pared with 13.3% in the control arm.5

While PCI may lead to improved functioning
by preventing or delaying the occurrence of symp-
tomatic brain metastases, it can also have adverse
effects. Therefore, an evaluation of the influence of
PCI on health-related quality of life (HRQOL) and
patient-reported symptoms was undertaken as part of
this study and the detailed results are reported here.
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PATIENTS AND METHODS

Study Design

This was an international multicenter phase III randomized con-
trolled trial (RCT; Fig 1). Patients with ED-SCLC, who responded to
chemotherapy, were randomly assigned between PCI or no further treat-
ment. Patients were stratified for institution and performance status. The
primary study end point was time to development of symptomatic brain
metastases. Details on trial conduct and clinical outcome were reported
previously.5 The protocol was reviewed by the European Organisation for
Research and Treatment of Cancer (EORTC) protocol review committee
and approved by the ethics committee in each institution. All patients

provided written informed consent and the study was conducted in accor-
dance with the Helsinki principles.

HRQOL and patient-reported symptoms were secondary study end
points. Two HRQOL measures were selected: the EORTC Quality of Life
Questionnaire C30 (EORTC-QLQ-C30, version 3)6 and the EORTC QLQ
Brain Cancer Module (EORTC-QLQ-BN20).7 Both tools have robust psycho-
metric properties resulting from rigorous testing, development, and external
validity, and in the case of the core tool from their use in hundreds of cancer
RCTs.8 The EORTC QLQ-C30 is a core measure designed to be supplemented
with disease-specific questionnaires, in this case EORTC QLQ-BN20. This
module has just undergone the final phase of validation.9 Both instruments
were available in the language of all participating countries.10

The EORTC-QLQ-C30 measure comprises of five functioning scales
(physical, role, emotional, cognitive, and social), three symptom scales (fa-
tigue, nausea/vomiting, and pain), six single-item scales (dyspnea, insomnia,
appetite loss, constipation, diarrhea, and financial impact), and the overall
HRQOL-scale. The EORTC-QLQ-BN20 is designed for use with patients
undergoing chemotherapy or radiotherapy, and is composed of 20 questions
assessing visual disorders, motor dysfunction, communication deficit, various
disease symptoms (eg, headaches and seizures), treatment toxicities (eg, hair
loss), and future uncertainty.

Assessed for eligibility 
(n = 286) 

Randomly assigned
(n = 286) 

Excluded (none) 

Allocated to intervention

Received intervention
Did not receive intervention
    Died before start 
    Disease progression 
    before start
    Declined intervention 

(n = 143)

(n = 133)
(n = 10)    
(n = 6)
(n = 1)

(n = 3)

Allocated to NO intervention

Received NO intervention
Did receive intervention
    Insisted on receiving
    intervention

(n = 143)
(n = 1)

 
(n = 1)

Lost to follow-up (none) 

Analyzed 
(n = 143) 

Lost to follow-up (none) 

Analyzed 
(n = 143) 

Fig 1. CONSORT diagram. Other selected health-related quality-of-life scales.

Table 1. Compliance With Health-Related Quality-of-Life Assessments

Time Point

Forms

% DifferenceExpected Received

Baseline 286 268 93.7 0.144
PCI 143 137 95.8
Control 143 131 91.6

At 6 weeks 270 162 60.0 0.274
PCI 134 76 56.7
Control 136 86 63.2

At 3 months 235 128 54.5 0.340
PCI 120 69 57.5
Control 115 59 51.3

At 6 months 130 79 60.8 0.679
PCI 71 42 59.2
Control 59 37 62.7

At 9 months 82 38 46.3 0.948
PCI 45 21 46.7
Control 37 17 45.9

At 12 months 45 22 48.9 0.155
PCI 28 16 57.1
Control 17 6 35.3

Abbreviations: PCI, prophylactic cranial irradiation.

Table 2. Mean Baseline Scores for the European Organisation for Research
and Treatment of Cancer Quality-of-Life Questionnaire C30 by Treatment

Group and Normative Reference Values

HRQOL Score

Reference Data
Normative
(n � 1,956)

Reference Data
ED-SCLC �19�

(n � 271)
Control Arm

(n � 131)
PCI Arm
(n � 137)

Global health
status/QOL

75.3 56 66 67

Functioning
Physical 89.9 57 66 68
Role 83.3 59 64 67
Emotional 82.8 66 80 79
Cognitive 86.5 77 88 90
Social 85.8 68 76 73

Fatigue 28.8 49 35 35
Nausea/vomiting 4 12 9 9
Pain 20.4 36 13 12
Dyspnea 14.3 49 28 31
Insomnia 20.4 43 24 23
Appetite loss 7.4 39 17 13
Constipation 10.7 28 14 15
Diarhea 9.4 8 7 6

Abbreviations: HRQOL, health-related quality of life; ED-SCLC, extensive-
disease small-cell lung cancer; PCI, prophylactic cranial irradiation; QOL,
quality of life.

Table 3. Global Quality-of-Life Results With Data Cut-Off at 9 Months

Assessment
Time

PCI Control
P for Treatment

DifferenceMean SD Mean SD

Overall� .1134
Baseline 66.5 1.68 66.1 1.72 .8633
At 6 weeks 60.2 2.34 67.9 2.25 .0183
At 3 months 51.7 2.85 59.7 3.03 .0554
At 6 months 52.8 3.41 52.8 3.67 .9919
At 9 months 52.4 4.81 54.4 5.21 .7764

Abbreviations: PCI, prophylactic cranial irradiation; SD, standard deviation.
�Multivariate test of no difference at any follow-up time point.

Prophylactic Cranial Irradiation in ED-SCLC
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The questions on both measures were scaled and scored using the rec-
ommended EORTC procedures.11 Raw scores were transformed to a linear
scale ranging from 0 to 100, with a higher score representing a higher level of
functioning or higher level of symptoms. Provided at least half of the items in
the scale were completed, the scale score was calculated using only those items
for which values existed.

The results of this study are presented in accordance with recent
guidelines for reporting HRQOL RCTs.12 Differences of at least 10 points
(on a 0 to 100 scale) were classified as the minimum clinically meaningful
change in the mean value of a HRQOL parameter.13 A mean increase or
decrease by � 10 points would mean a moderate improvement or wors-
ening. Mean changes of fewer than 10 effect points were considered as not
to be clinically significant. Mean changes of more than 20 points were
classed as large effects.

Before consent, patients were informed that their HRQOL would be as-
sessed regularly. Patients completed the EORTC-QLQ-C30 and EORTC-QLQ-
BN20 questionnaires at random assignment, at 6 weeks and at 3, 6, 9, and
12 months after random assignment and thereafter every 6 months until 3
years or death. Although we recognized the high attrition rate in this
disease, we wanted to obtain data on quality of life in the longer-term
survivors. The questionnaires were given to the patients by the investigator
or a study nurse and completed before clinical evaluation.

Compliance levels were calculated using a standard EORTC procedure
(number of forms received divided by number expected) at each assessment
point. Time windows for acceptable HRQOL forms were defined as follows: at

baseline fewer than 2 weeks before or 3 weeks after randomization, and before
the start of PCI; thereafter, adjacent time windows were used to gather the
maximum of information available (� 3 weeks before and after for assess-
ments at 6 weeks, � 3 weeks before and � 6 weeks after at 3 months, � 6 weeks
before and after every 3 months and � 3 months before and after for assess-
ments collected every 6 months).

Statistical Analysis

During the design of the study, in order to reduce type I errors from
multiple testing of HRQOL scales, six key HRQOL and symptom scales
were preselected based on discussions with clinicians, which informed the
protocol. The level of statistical significance was initially set at P � .01 to
account for multiple comparisons (several HRQOL scales and different
time points). The main objective of the HRQOL assessment was to deter-
mine the impact of PCI on the global health status scale and additionally to
study the expected adverse effects of PCI: hair loss, fatigue, and restrictions
in daily activities (role functioning). An improvement was expected after
treatment. Moreover, as PCI leads to a significantly lower rate of symptom-
atic brain metastases and improved survival, an early and more pro-
nounced deterioration of global health status, cognitive and emotional
functioning was expected in the non-PCI group. Other HRQOL scales
were analyzed on an exploratory basis.

All data analyses were performed using the Statistical Analysis Software
version 9 (SAS, Cary, NC). A mixed-model with an undefined covariance
structure was fitted to the longitudinal HRQOL data of each selected score to
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Fig 2. Scales for (A) global health status, (B)
hair loss, (C) fatigue, (D) role functioning, (E)
cognitive functioning, and (F) emotional func-
tioning. PCI, prophylactic cranial irradiation.
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test differences between the two treatment groups. HRQOL scores were ana-
lyzed as normal continuous data and data summarized in terms of mean scores
and its evolution over time. All patients with at least one valid HRQOL form
were included in the analysis (n � 280). As missing HRQOL data is a common
problem, particularly in patients with a poor prognosis such as ED-SCLC, the
mechanism of missing data was investigated to check the reliability of using a
mixed model.

To analyze HRQOL scores as continuous can be criticized especially for
scores with only a few number of categories. Therefore, the percentages of
patients who experienced more than a 20-point worsening from baseline up to
3 months after random assignment in each selected scale were also reported.
The percentages were computed on the total number of patients with a base-
line HRQOL assessment and with at least an additional follow-up HRQOL
form at 6 weeks or 3 months.

RESULTS

Between February 2001 and March 2006, 286 patients were recruited
(143 in each arm) from 40 centers. A total of 280 patients had at least
one valid HRQOL form and 268 (93.7%) had a baseline assessment.
Per study design, it was expected that the number of patients involved
in the study at 3 years would be 120. The HRQOL assessments were to
be performed until 3 years after random assignment or death. How-
ever, the duration of survival was shorter than expected, with median
survival times around 6 months. In addition, compliance with the
HRQOL assessment dropped to 60.0% at 6 weeks, 54.5% at 3 months,
60.8% at 6 months, 46.3% at 9 months, and 48.9% at 1 year (Table 1).
Therefore, only data obtained up to 9 months were included in the
analysis because of the small number of patients’ data at 1 year (only
six patients in the non-PCI arm).

Baseline clinical characteristics of patients with a baseline
HRQOL assessment were very similar to those without it. Base-
line HRQOL scores were similar in both arms, and Table 2 presents a
comparison with normative data and other reference data in ED-SCLC.14

As can be expected by the inclusion of only responding patients in
our study, our sample had less symptoms and HRQOL problems at
baseline on a number of HRQOL and symptom scales.

Fisher tests revealed no significant difference in compliance be-
tween the two arms at any time point. Reason for noncompletion of
HRQOL forms was reported for 302 forms. Most common reasons
were administrative failure (40.1%) and the patient being too ill to
complete the questionnaire (23.8%). In the graphical investigation for
drop-out mechanisms, no systematic sign of an informative drop-out
was observed (data not shown). However, the mean scores for role and
cognitive functioning showed a sharp decrease before drop-out at 6
months. The rapid deterioration of the patients could have led to an
informative drop-out for some of the HRQOL scores. Therefore, a
sensitivity analysis with HRQOL data cutoff at 3 months was per-
formed. This period was considered long enough to observe any
impairment of HRQOL due to PCI during and shortly after the treat-
ment period.

The mean global health status score was eight points higher in
the PCI group at 6 weeks (P � .018) and 3 months (P � .056; Table
3 and Fig 2). These observed differences were below the cutoff of
10-point difference for clinical significance. None of the P values
were below .01 but the P value at 6 weeks was close to .01. The
results of the sensitivity analysis did not differ (Appendix Table A1,
online only). In terms of proportions, there was 12.5% more pa-
tients in the PCI arm compared with the control arm experiencing

a worsening � 20 points (large effects) in global health status from
baseline up to 3 months (Table 4).

As expected, there were some treatment-related effects and
mean scores for both hair loss and fatigue were significantly
higher in the PCI arm (overall test, P � .001; Fig 2). The
difference in mean scores for hair loss between the two arms
exceeded 10 points at all time points after baseline, attained
statistical significance (P � .001) at 6 weeks, with a mean score
of 36.5 for the PCI group and 11.7 for controls. For fatigue, the
mean difference was statistically and clinically significant at 6
weeks (43.2 for PCI and 29.3 for control), and at 3 months (53.6
for PCI arm and 38.5 for control). The impact of PCI was
limited for role, emotional, and cognitive functioning. There
was a maximum mean difference of 9.4 at week 6 for role
functioning, 8.8 at month 3 for cognitive functioning, and 7.4 at
week 6 for emotional functioning, with all favoring the control
arm. None of the P values were below .01 nor was the 10-point
clinical significant difference reached at any time point. These
results were confirmed by the sensitivity analysis. The analysis
of the proportions of patients experiencing a worsening from
baseline up to 3 months confirmed that the larger impact of PCI
was on fatigue. The impact of PCI on functioning scales was

Table 4. Proportion of Patients Experiencing Severe Worsening
From Baseline Up to 3 Months

Parameter

Treatment

Total
(N � 188)

PCI
(n � 98)

Control
(n � 90)

No. % No. % No. %

Global health status
� 20 points

decrease
No 64 65.3 70 77.8 134 71.3
Yes 34 34.7 20 22.2 54 28.7

Hair loss
� 20 points

increase
No 76 77.6 79 87.8 155 82.4
Yes 22 22.4 11 12.2 33 17.6

Fatigue
� 20 points

increase
No 50 51.0 66 73.3 116 61.7
Yes 48 49.0 24 26.7 72 38.3

Role functioning
� 20 points

decrease
No 63 64.3 68 75.6 131 69.7
Yes 35 35.7 22 24.4 57 30.3

Cognitive functioning
� 20 points

decrease
No 76 77.6 81 90.0 157 83.5
Yes 22 22.4 9 10.0 31 16.5

Emotional functioning
� 20 points

decrease
No 77 78.6 79 87.8 156 83.0
Yes 21 21.4 11 12.2 32 17.0

Abbreviation: PCI, prophylactic cranial irradiation.
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similar to the one on global health status—more limited (Table
4). For hair loss, the difference between the two arms was larger,
as there was an improvement in the control arm (Fig 2). No
assessment of the long-term impact or benefit of PCI on
HRQOL was possible due to the small number of patients with
data at later time points.

Our exploratory analysis of the remaining HRQOL and
symptom scales (ie, not preselected for the analysis) showed
statistically significant (P � .01) and clinically significant (or near
to) mean differences between the two arms for appetite loss, constipa-
tion, nausea/vomiting, social functioning, future uncertainty, head-

aches, motor dysfunction, and weakness of the legs at 6 weeks
and/or at 3 months (Fig 3). Clearly, while these are only explor-
atory analyses, they do indicate a trend toward worsening of
HRQOL on some scales in the PCI arm. The lack of data does not
allow us to report reliably on more long-term results.

DISCUSSION

In the 1990s, a number of randomized trials unequivocally showed
that PCI reduces the incidence of brain metastases in patients with
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Fig 3. Scales for (A) appetite loss, (B)
constipation, (C) nausea/vomiting, (D) so-
cial functioning, (E) future uncertainty, (F)
headaches, (G) motor dysfunction, and (H)
weakness of legs. PCI, prophylactic cranial
irradiation.
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limited disease–SCLC, without increasing toxicity if not given concur-
rently with chemotherapy.15-19 Meta-analyses revealed a survival ben-
efit for PCI,18,19 with a 3-year survival rate of 21% in patients who
received PCI, versus 15% in those who did not.18 Our recent study in
patients with ED-SCLC showed that PCI resulted in a significantly
improved survival and a significant reduction in the rate of brain
metastases.5 Due to the poor survival in patients with ED-SCLC,
inclusion in this study was limited to patients with a response after
chemotherapy. In addition, short and relatively low-dose fraction-
ation schemes were used. We demonstrated that the reduction in
hazard rate for symptomatic brain metastases was around 75%. PCI
also significantly prolonged overall survival (P � .0033).10

This study reported here gives further insights into the effect of
PCI on the patient. As expected, short-term results showed that PCI
had a negative impact on selected HRQOL scales. Among the selected
HRQOL scales, the larger difference between the two arms was ob-
served on hair loss and fatigue at 6 weeks and 3 months in favor of the
control arm. For hair loss, the difference was larger as there was an
improvement in the control arm. The impact of PCI on functioning
scales was limited. The key HRQOL results showed an eight-point
difference in observed mean scores in global health status in favor of
the control arm at 6 weeks and 3 months after random assignment
(below the minimum clinical difference of 10 points). The P value was
close to .01 at 6 weeks. There were 12.5% more patients in the PCI arm
who experienced severe worsening (� 20 points) in global health
status from baseline up to 3 months. Short-term results were quite
similar for role, cognitive, and emotional functioning.

No reliable assessment of a more long-term impact and expected
benefit of PCI on HRQOL was possible due to the small number of
patients with data at later time points. In addition, there was the
suspicion of data not missing at random. Reason for noncompletion
of HRQOL forms was reported for 302 forms and 23.8% were not
filled in because the patient was or felt too ill to complete the question-
naire. Further analysis revealed that, although there was no statistically
significant difference in compliance between the two arms, the return
rate of HRQOL forms for patients with brain metastases at 3 months
was 31.8% compared with 56.8% in patients without brain metastases.
Therefore, the occurrence of brain metastases even at these early time
points, could have resulted in a lack of reporting rather than in a
reporting of a deterioration, not favoring the PCI arm.

For cognitive functioning, the results were opposite to the antic-
ipated effects, as scores after 3 months were 8.8 points higher in the
control arm. This could be due to the lower return rate for patients
with brain metastases, but we cannot exclude the possibility of a real
difference in favor of the non-PCI group in the self-report of cognitive
functioning. In particular, the PCI group reported more fatigue at 3
months, which can also adversely affect cognitive functioning. Finally,
it is known that the self-report of cognitive functioning and clinical
assessment of cognitive functioning may be poorly correlated.

The remaining HRQOL and symptom scores were analyzed on
an exploratory basis. PCI clearly does have an adverse impact on
appetite loss, constipation, nausea/vomiting, social functioning, fu-
ture uncertainty, headaches, motor dysfunction, and weakness of legs
at 6 weeks and/or at 3 months. These are important issues for patients
and treating clinicians to be aware of.

This study had a number of limitations and weaknesses. The
significant challenge was the small number of patients for whom data
were still available at 1 year (only six patients in the non-PCI arm);

therefore, only data up to 9 months were analyzed. The compliance
with measures at follow-up assessments was lower than expected,
although it was almost 50% at 1 year. The major causes were admin-
istrative failure or patients being too sick to complete the measures.
However, this is often the case in patients with advanced cancer, as
recently noted in a systematic review.20 In this study, survival was
shorter than expected, thereby limiting power estimates considerably.
This is a well-known problem when trials are powered for other
clinical end points and not HRQOL end points.13 With few patients,
the lack of statistical significance should not be necessarily interpreted
as a proof of no difference.

This study clearly demonstrates the significant challenge of effec-
tive data collecting in palliative care patients. Although we undertook
an extensive statistical analysis to evaluate most sources of bias, this
must be noted as a major caution in interpreting the results. Patient
HRQOL and symptom results are best interpreted on the data col-
lected early in the study.

In the majority of cases, missing data was due to administrative
failure and this must be addressed in future trials, with different
approaches (eg, by providing extra funding for and education and
training in HRQOL assessment, ensuring better monitoring of
HRQOL data, using the newly validated shortened EORTC palliative
care module [a tool not available at the start of this study], and even
ultimately considering selecting only good recruiting centers to par-
ticipate in HRQOL studies when studies involve patients in the pallia-
tive setting). Hence, while this trial has limitations in terms of HRQOL
compliance and symptom-reported data, it has helped direct
increased attention to the future design of studies with pallia-
tive patients.

In summary, this study has shown that PCI improves survival
and reduces the incidence of brain metastases in patients who have
shown a response to chemotherapy for their ED-SCLC. There is a cost
in terms of more prolonged hair loss and increased fatigue, both
expected treatment-related adverse effects. There was a negative im-
pact of PCI on functioning scales but limited. Therefore, PCI should
be offered to all patients with ED-SCLC who respond to initial chem-
otherapy. Patients should be told of the benefits of PCI and of its
possible negative impact on QOL empowering them with relevant
information to allow informed, individualized treatment choices.
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